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Specification 



LEAD-ACID BATTERY AND MANUFACTURING METHOD THEREOF 



Technical Field 

The present invention relates to a lead-acid battery. 



Background Art 

Lead-acid batteries date back more than 100 years. Although 
new secondary batteries such as nickel-metal hydride batteries and 
lithium-ion batteries have recently been developed, lead-acid 
batteries are constantly in high demand due to their stability and 
cost performance. It is still hoped that a lead-acid battery will 
have a larger capacity and an improved battery life. 

Conventionally, in order for a lead-acid battery to have a 
larger capacity or an improved battery life, usage types of lead-acid 
batteries have typically been reviewed so as to employ a design 
suitable for the various types. Since an appropriate desig^ thus 
tailored to the various usage types of lead-acid batteries requires 
amendments to the designs of the current collector and of the 
electrode plates, and review of the battery container design as a 
whole, a long time and much expense are involved in verifying the 
designs . 

Consequently, in order to increase capacity and improve 
battery life without any amendment to lead-acid battery designs, 
methods whereby a chemical is added to a lead-acid battery have 
been studied. Although various suggestions have been made in the 



past, most of which are disadvantageous in that they are 
insufficiently effective or too expensive, only a limited number of 
the practical applications thereof have been made commercially 
available. In light of such a situation, there has been a demand for 
5 the development of a chemical which can increase the capacity of a 
lead-acid battery and improve its battery life by a simple method. 

Disclosure of the Invention 

It is an object of the present invention to provide a lead-acid 

10 battery with a larger capacity and an improved battery life by a 
simple method without the need for any amendment to lead-acid 
battery designs. 

Volatile organic acid dissolves a grid made of lead or lead 
alloy composing a lead-acid battery, and also the active material. 

15 For this reason, volatile organic acid is harmful to a lead-acid 
battery. It has been found, however, that at a specific concentration, 
the volatile organic acid contained in the electrolyte becomes 

effective - in -increasing, the capacity of the lead^acid -battery . and - 

improving the battery life thereof. Specifically, for example, 

20 acetic acid reacts with lead to become lead acetate. If acetic acid is 
present at a high concentration, a grid made of lead continuously 
corrodes, thereby making the grid thinner, which is unfavorable to 
the lead -acid battery. However, if acetic acid is at a specific 
concentration, corrosion does not proceed continuously, thereby 

25 allowing the grid to be dissolve only partially, which does not matter. 
Instead, since the surface of a grid remains partially dissolved, the 
surface area of the grid is increased, so that the adhesion between 



the active material and the grid improves, thereby improving the 
battery life. The active material also dissolves only partially, 
thereby increasing the surface area of the active material. At the 
same discharge rate, therefore, a larger capacity can be obtained 
5 from a lead-acid battery having an active material with an increased 
surface area. 

The present inventors have found that the volatile organic 
acid concentration which can obtain such an effect is 250 mg/L or 
lower. The causes thereof are given in Examples to be described 
10 later. It should be noted that the unit mg/L means that 1 milligram 
of volatile organic acid is contained per liter of electrolyte. The 
volatile organic acid means an organic compound with a carboxyl 
group (-COOH), whose molecul ar weight is 100 or lower. 
Specifically, HCOOH, CH3COOH, C2H5COOH, n-C3H7COOH, and 
15 iso-C3H7COOH are meant here. 

There are two methods available for containing volatile 
organic acid in electrolyte as follows. 

One is -the. method of pouring an electrolyte, -to which volatiJe- . 
organic acid is added, into a lead-acid battery. As to when to add 
20 volatile organic acid, addition may be performed either during initial 
charge or container formation, or after initial charge or container 
formation. If volatile organic acid is added before initial charge or 
container formation, since decomposed by charge, an adjustment has 
to be made so that the volatile organic acid concentration will be 250 
25 mg/L after initial charge or container formation. 

The other method is performed by employing a member for 

producing volatile organic acid in a lead-acid battery. Specifically, 
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a separator which contains a specific surfactant is employed in a 
lead-acid battery. The surfactant is more subject to oxidation of 
dilute sulfuric acid and to anode oxidation of the positive electrode 
than are resins such as polyethylene to be employed for a separator 
base. As a result, the surfactant decomposes to produce volatile 
organic acid. The present inventors focus attention on this point. 
It is possible, therefore, for an electrolyte to contain volatile 
organic acid by way of employing a separator containing a specific 
surfactant for the lead-acid battery. 

Examples of surfactants which produce volatile organic acid 
through oxidation of dilute sulfuric acid and anode oxidation of the 
positive electrode include di -2 - ethy Ihepty 1 sodium s ulf osuccinate 
and di-2-methylheptyl sodium sulfosuccinate . Therefore, in the 
stage of mixing the materials of the separator, in which silica powder, 
mineral oil and plasticizer are mixed with a resin such as 
polyethylene or polypropylene having a high molecular weight, these 
surfactants may also be added thereto. After the mixture is 
extruded into a sheet, aruy excess surf actant is remvoved . therefrom by 
extraction using an organic solvent such as trichloroethylene or 
hexane so as to obtain a separator containing a prescribed amount of 
surfactant. 

Containing a surfactant in a separator, however, does not 

ensure that the concentration of the volatile organic acid contained 

in the electrolyte of a lead-acid battery becomes 250 mg/L or lower. 

Specifically, the concentration of the volatile organic acid contained 

in the electrolyte of a lead-acid battery varies depending on the 

amount of surfactant added to the separator. The volatile organic 
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^ acid concentration also varies with time. The causes thereof are 
described hereinafter. 

The present inventors investigated the concentration over 
time of the volatile organic acid which comes from the separator 
5 composing a lead-acid battery. In this case, the concentration of 
acetic acid was investigated. The results of the investigation show 
that acetic acid is produced when a lead-acid battery is initially 
charged and subsequently left, and that acetic acid production stops 
after a set period of time. Fig. 8 shows the relation schematically. 

10 In Fig. 8, reference mark ■ means an amount of produced acetic acid, 
A an amount of remaining acetic acid and • an amount of volatilized 
acetic acid. Fig. 8, which is a schematic diagram, does not show 
specific values for the vertical and horizontal axes. As is clear 
from Fig, 8, the amount of acetic acid produced due to surfactant 

15 oxidation becomes large immediately after initial charge or 
container formation. The produced amount decreases over time to 
reach a slight value after a certain period of time. Since acetic acid 
is volatile. a»nd.-its vol-atiJi^ation amount is s<ub-stan4;ially c-anstant, the . 
concentration of the acetic acid in a lead-acid battery gradually 

20 decreases to become the detection limit or lower finally. However, 
the concentration of the acetic acid left in a lead-acid battery 
immediately after initial charge or container formation for a certain 
period of time (normally one to several months) sometimes has a 
detrimental effect on the lead-acid battery. Therefore, the content 

25 volatile organic acid has to be controlled. 

Consequently, the present application also discloses a method 
of controlling the concentration of volatile organic acid. 



Specifically, a description is given herein for the following method: 
a lead-acid battery which employs a separator containing a surfactant 
is container-formed; left at 40°C or higher for 12 hours or longer; 
and charged either with an electrical quantity equal to the rated 
5 capacity or larger, or with an electrical quantity equivalent to 30% 
of the theoretical capacity of the positive active material provided in 
the positive electrode. According to the method, a lead-acid 
battery is left in a high-temperature environment so that the 
surfactant contained in the separator can fully be extracted into the 

10 electrolyte, and the positive active material acting as an oxidizer can 
be made to oxidize the surfactant partially. The partially remaining 
surfactant may be further oxidized either by charging with an 
electrical quantity equal to the rated capacity or larger, or by 
charging with an electrical quantity equivalent to 30% of the 

15 theoretical capacity of the positive active material. Since this 
oxidizes the extracted surfactant to volatile organic acid, thereby 
further oxidizing the volatile organic acid to water and carbon 
dioxide, the concentration of the volatile organic acid contained: in: 
the electrolyte of the lead-acid battery can become 250 mg/L or 

20 lower in the result. 

If a lead-acid battery is left at a high temperature, the 
surfactant oxidizes quickly. Therefore, the lead-acid battery is 
preferably left at 40**C or higher, higher than room temperature. On 
the other hand, since a polyethylene separator softens or deforms at 

25 75°C or higher, and the resin employed for the container of the 
lead-acid battery such as polypropylene, ABS or polyethylene also 
softens or deforms at 75°C or higher, the lead-acid battery is 



preferably left at a temperature lower than 75°C. As is clear from 
the above, the lead-acid battery is preferably left within the 
temperature range from 40**C or higher, to lower than 75°C. 
However, if the material of the separator or the container to be 
5 employed is replaced with another material, the upper limit of the 
preferable temperature range changes accordingly. 

If the lead-acid battery is left is for 12 hours or less, the 
surfactant contained in the separator is not fully extracted. The 
battery, therefore, has to be left for 12 hours or longer. On the 

10 other hand, when 72 hours passes, the concentration of the volatile 
organic acid in the electrolyte begins to decrease. This is 
considered to be due to the fact that oxidative decomposition of the 
volatile organic acid begins gradually even during leaving the 
battery while the volatile organic acid is not extracted. 

15 If the lead-acid battery is charged with an electrical quantity 

equal to the rated capacity or smaller after being left, the volatile 
organic acid remains undecomposed. On the other hand, if charging 
with an electrical- quantity twice as large as -the rated capacity,. most 
of the volatile organic acid is decomposed. For charging, therefore, 

20 an electrical quantity equal to the rated capacity or larger is required, 
while an electrical quantity twice as large as the rated capacity or 
larger is not required. If the lead-acid battery is charged with an 
electrical quantity equivalent to 30% of the theoretical capacity of 
the positive active material provided in the positive electrode, the 

25 same result was obtained as in charging with an electrical quantity 

equivalent to the rated capacity. 

The conventional arts relating to such a lead-acid battery 
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pertaining to acetic acid are disclosed in Japanese Unexamined 
Patent Publications No.H6-5278A and No.H4-43570A. 

Japanese Unexamined Patent Publication No.H6-5278A 
describes the two following procedures. One is that, in a method of 
manufacturing a electrode plate for a lead-acid battery by filling an 
active material paste in a current collector made of lead or lead alloy 
through curing, basic lead carbonate is produced on the surface of 
the current collector before filling the active material paste,. The 
other is that a current collector is exposed to acetic acid vapor so as 
to produce basic lead acetate on the surface of the current collector, 
followed by exposing the current collector to carbon dioxide so as to 
produce basic lead carbonate (white lead). Although Japanese 
Unexamined Patent Publication No.H6-5278A discloses that a 
lead-acid battery employs acetic acid, acetic acid is used for 
manufacturing its electrode plate. Specifically, basic lead acetate 
is produced by exposing the lead current collector to acetic acid 
vapor; and basic lead carbonate (white lead) is then produced by 

■exposing the -auxr-ent c.<vllector to carbon dioxide. Whit e-Jeadv,- whiich. . - 

has a higher solubility in an active material than Pb or PbO, becomes 
PbO on the surface of a grid filled with the active material so as to 
obtain a stronger adhesion between the current collector and the 
active material in a short time. Therefore, acetic acid is not 
present in the electrolyte, but present on the grid surface as basic 
lead acetate. 

Japanese Unexamined Patent Publication No.H4-43570A 

discloses a '"method of manufacturing a sealed lead-acid battery 

which retains an electrolyte in positive/negative electrode plates and 
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a separator, and which controls the amount of electrolyte so as not to 
have a free solution, by charging supplement arily at room 
temperature, after initial charge, after leaving in an atmosphere of 
50 to 80''C;" and that "the battery is left in an atmosphere of 50 to 
5 80*^C for 10 days or shorter." A sealed lead-acid battery, which is 
characterized in that an electrolyte is retained in the 
positive/negative active materials and the separator without any free 
electrolyte, requires a separator with a high porosity and an 
excellent electrolyte retainability. In order to meet the 

10 requirements, the separator is commonly made of a sheet of ultra thin 
glass fibers with a diameter of 10 ^im or thinner. The glass fibers 
are che mically stable. The glass fibers, therefore, are also stable 
toward oxidation of dilute sulfuric acid or anode oxidation of the 
positive electrode, without any volatile organic acid elution. 

15 Accordingly, no volatile organic acid is present in the electrolyte of 
the lead-acid battery. 

Br i:ef Description -of .Drawings ..; ... _ 

Fig.l shows a relation between a concentration of volatile 

20 organic acid and a battery life ratio; 

Fig. 2 shows a relation between the concentration of volatile 

organic acid and a capacity ratio; 

Fig. 3 shows a relation between a period when a battery is left 

and a concentration of the volatile organic acid in an electrolyte; 

25 Fig. 4 is a schematic diagram showing an apparatus for 

analyzing volatile organic acid quantitatively by steam distillation; 

Fig. 5 shows the progression of the acetic acid concentration 
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when the battery is left; 

Fig. 6 shows how the temperature at the step in which the 
battery is left, effects on the progression of the acetic acid 
concentration at the step when the battery is charged; 
5 Fig. 7 shows the progression of the concentration of the acetic 

acid contained in the electrolyte; and 

Fig. 8 shows the variations with time of the produced amount, 
volatilized amount and remaining amount of acetic acid. 

In Fig. 4, reference numeral 1 denotes a distillation flask, 2 a 
10 copper steam generator, 3 a cooler, and 4 a graduated cylinder. 

Best Mode for carrying out the Invention 

Prior to describing Examples of the present invention, a 
description is given for terms used in the typical manufacturing steps. 

15 and Examples of a lead-acid battery. 

As the positive and negative electrode current collectors of a 
lead-acid battery, a current collector made of lead or lead alloy is 
emplioy ed. - The ♦ pos-iti-ve- electrode current collector . :retains lead 
dioxide while the negative electrode current collector retains spongy, 

20 metallic lead. An electrode plate is manufactured therein 
respectively. The electrode plates are then laminated or wound 
through a separator so as to form an electrode plate group. The 
electrode plate group is accommodated in a container, followed by 
pouring an electrolyte containing a dilute sulfuric acid solution as 

25 its main element, into the container. A lead-acid battery is thus 
manufactured . 

In this case, the electrode plate for the lead-acid battery is 
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manufactured by filling a pasty material for the positive electrode 
and a pasty material for the negative electrode in each of the positive 
electrode grid and the negative electrode grid, through curing and 
drying steps as required. The electrode plate, which cannot 
5 generate electric power at this moment, is called "unformed 
electrode plate." Electric energy is given to the unformed electrode 
plate so as to cause oxidative and reductive reactions 
electrochemically, thereby producing lead dioxide at the positive 
electrode and lead (commonly called spongy lead) at the negative 

10 electrode. The unformed electrode plate thus becomes a formed 
electrode plate capable of generating electric power. 

There are commonly two methods available for this step. 
One is the method in which unformed positive and negative 
electrode plates are previously charged in a tank filled with dilute 

15 sulfuric acid. This method is called "tank formation." The 
electrode plate which has completed the tank formation step is called 
"formed electrode plate." The formed electrode plates undergo 
washing a^nd drying, steps . The formed - electrode plate is then-, 
laminated through a separator so as to form an electrode plate group. 

20 The electrode plate group further composes the lead-acid battery. 
The lead-acid battery, which partially oxidizes during drying the 
negative electrode plate, sometimes loses a slight part of its capacity. 
Consequently, in order to ensure that the lead-acid battery has its 
prescribed capacity, the battery is further charged after filling an 

25 electrolyte therein. This charge is called "initial charge." 

The other is the method in which positive and negative 
electrode plates, or unformed electrode plates, are laminated or 



wound through a separator so as to form a electrode plate group; the 
electrode plate group is inserted in a container, followed by filling 
dilute sulfuric acid therein; and the battery is charged with an 
electrical quantity equal to or larger than 250% of the theoretical 
5 capacity of the positive electrode plate so as to enable the lead-acid 
battery to generate electric power. This method is called "container 
formation." 

Based on the above description. Examples of the present 
invention will be described in detail. 

10 (Example 1) 

In Example 1, a test was . conducted by employing 46B24L 
lead-acid batteries for an automobile, with 36 Ah at C5 (C: rated 
capacity; 5: 5 hour rate) adhering to JIS D5301. In this case, the 
rated capacity means the value obtained by obtaining the discharge 

15 current value at which 5 hours ± 15 minutes is required for 
discharging the battery down to a terminal voltage of 1.7V/cell, and 
then multiplying the discharge current value by five. The rated 

capacity is- expressed . in Ah . as its unit and normally e-xpres-sed in 

alphabet C. The letter N expresses as Cn means an hour rate, and Cn 

20 means the rated capacity at the hour rate. 

Positive and negative electrode plates were manufactured by a 
fixed method, and formed previously in a tank. The manufactured 
positive and negative electrode plates were laminated through a 
separator so as to form a 46B24L electrode plate group. For the 

25 separator, a sheet of glass fibers with a diameter of 1 ^m or thinner. 

The electrode plate group was inserted in a container made of 

polypropylene resin, and a lid made of polypropylene resin was 
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welded to the container. 

Acetic acid was employed as volatile organic acid. Acetic 
acid was added to sulfuric acid having a specific gravity of 1.280 so 
as to have a prescribed concentration, followed by agitation, so that 
an electrolyte was prepared. Table 1 shows the prescribed 
concentration. The electrolyte was poured into the lead-acid 
battery. The lead-acid battery was then charged with an electrical 
quantity equivalent to the rated capacity (an electrical quantity of 36 
Ah in this Example) by initial charge. 

The result is shown in Table 1. In Table 1, the columns 
shown as the "acetic acid concentration (mg/L)" indicate values 
quantitatively analyzed after the initial charge. 

A description is given here for the method of analyzing 
volatile organic acid quantitatively. 

Various methods are available for analyzing volatile organic 
acid quantitatively. Among the methods, steam distillation is 
suitable for quantitatively analyzing the volatile organic acid (acetic 
acid) -in -- dilute- sulfu-r-ic acid. Also in this Example, -therefare, 
quantitative analysis was performed by steam distillation. The 
procedure of steam distillation is as follows. 

(1) 50 milliliter (hereinafter, abbreviated as mL) of sample 
solution is poured into a distillation flask. 

(2) Vapor of a volume large enough to obtain 100 mL of distillate 
per ten minutes is sent, and the sample solution is heated so that the 
amount of solution will be maintained virtually constant. The 
distillation is finished when 300 mL of distillate is obtained. 

(3) The distillate is titrated with 1/10 or 1/50 Ba(OH)2 normal 
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solution. As the indicator in this case, phenolphthalein or 
bromthymol blue is employed. The value for the result of a blank 
test is subtracted from the value obtained by titration so as to 
calculate the amount (mL) of consumed 1/10 Ba(OH)2 normal solution 
relative to IL dilutes sulfuric acid. The calculated amount is set to 
the amount of volatile organic acid. 

(4) The blank test means a testing method in which the steps (1), 
(2) and (3) are performed on 50 mL of dilute sulfuric acid containing 
no volatile organic acid. 

For the apparatus to be employed for the analysis by steam 
distillation, the apparatus designed in conformity to JIS C2310 to 
1953 (defined in 1962) was employed. Fig. 4 shows a schematic 
diagram of the apparatus. 

The result obtained by qualitatively analyzing the volatile 
organic acid by ion chromatography, which was analyzed 
quantitatively by this method, identifies the volatile organic acid as 
acetic acid. Therefore, the concentration of the volatile organic 
acid -obtained by s team-^ distillation is expressed , .in ; mL/L.: ..In- -. 
Examples of the present invention, however, since the volatile 
organic acid was identified as acetic acid, the concentration of the 
volatile organic acid in the electrolyte is expressed in mg/L by the 
conversion based on the molecular weight of acetic acid. 

Next, the capacity of the lead-acid battery was checked at 5 

hour rate (C5) (discharged down to a final voltage of 1. TV/cell with a 

current of 7.2 A). The capacity was checked at 25°C. Table 1 and 

Fig. 2 show the result. The capacity at 5 hour rate is expressed by 

the rate in which the capacity of the conventional battery to which no 
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acetic acid is added, is assumed to be 100. 
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Table 1 



No. 


acid 

concentrati on 
(mg/L) 


Aceiic aciu 
concentration 
Cm ff /T t 


5 hour 
rate 


XT A 4- A 

IN o te 


1 


0 


0 


100 


Conventional 
battery 


2 


15 


12 


104 


Jtsattery oi tJie 
invention 


3 


50 


38 


104 


oattery oi ttie 
invention 


4 


100 


74 


105 


oattery oi the 
invention 




200 


135 


107 


Dattery oi the 
invention 




250 


174 


108 


Battery ot the 
invention 


7 


300 


209 


109 


oattery oi tne 
invention 


g 


350 


250 


106 


oattery oi tne 
invention 


9 


450 


308 


105 


Ratterv for 

comparison 


10 


500 


348 


104 


Battery for 
comparison 
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1 1 


550 


382 


103 


Battery for 
compari son 


12 


1000 


710 


101 


Battery for 

M U ill p o 1 1 a U U 


13 


1500 


1028 


100 


Battery for 
comparison 



As shown in Table 1 and Fig. 2, only by containing acetic acid 
of a trace amount of 12 mg/L in the electrolyte, the capacity was 
improved by 4%. As the concentration of the acetic acid increased, 
5 the capacity tended to increase. However, the capacity of the 
lead-acid battery in which the acetic acid concentration is 250 mg/L, 
was slightly smaller than the capacity the lead-acid battery in which 
the concentration is 209mg/L. From the result described above, it 
is found that the capacity increased when the acetic acid 
10 concentration was 710mg/L or lower. The range within which the 
capacity particularly increased was from 135 to 209 mg/L. 

• Next,' the lead-acid batteries were used for a light-load life 
test adhering to JIS D 5301 at 75°C. The test conditions are shown 
below. 

15 (Life test conditions) 

Discharge: 25A for four minutes 

Charge: 25A for ten minutes (constant voltage: 14.8V) 
Temperature: at 40 to 45°C in a water tank 

The test result is shown in Table 2 and Fig. 1. The number of 
20 cycles is expressed by assuming that the conventional battery's 
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number is 100. 
Table 2 





Acetic acid 


W 11 tn Kpr of* li'f^* r»\/r»l*»c 


IN o I e 


No. 


concentration 


at 75 with JIS 

% t -J W A k JUL «l X 






m e/L 


1 ight load 




1 


0 


100 


\.yiivwxiixvixi<ti ucti^iwiy 


2 


1 2 


107 


oaiicry (jx i n 6 iiivclliion 


3 


38 


112 


tK 9i \ \ t> it ^/ T ^ n ^ 1 vt i» n i- 1 ^ -n 

x^o-iLcxj' inc invvuiion 


4 


74 


1 1 X 


jjaiiery oi me invention 


5 


135 


117 


i^aiicry oi iflc inveniion 


6 


1 74 


1 1 7 

XX/ 


oaiiery oi me invention 


7 


209 


1 1 s 


oaiiery oi ine invention 


g 


25 0 


1 1 1 

X X ^ 


oatiery oi me invention 


9 


308 


100 


Batterv for comoarison 


10 


348 


95 


Battery for comparison 


11 


382 


90 


Battery for comparison 


12 


710 


75 


Battery for comparison 


^3 


1028 


62 


Battery for comparison 



As shown in Table 2 and Fig.l, the life properties of No. 2 to 8 
5 lead-acid batteries according to the present invention improved by 7 
to 18% relative to the battery life of No.l lead-acid battery as a 
conventional battery. However, No. 9 lead-acid battery having a 
concentration of 308 mg/L is shorter in life than the battery having a 
concentration of 250 mg/L. The life of the lead-acid battery having 
10 a concentration of 348 mg/L was shorter than the conventional 
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battery. 

Based on the result described above, in order to improve a 
battery life, acetic acid is preferably added with a concentration of 
250 mg/L or lower. The particularly preferable concentration range 
5 of acetic acid was 74 to 174 mg/L. 

From the results shown in Table 1 and Table 2, in order both to 
increase a capacity and to improve a battery life, the concentration 
of the acetic acid contained in the electrolyte is preferably 250 mg/L 
or lower. 

10 Here, No. 10 to 13 lead-acid batteries shown in Table 2, which 

were shorter in life than the conventional battery, were disassembled 
so as to observe the cross sections of their electrode plates. As a 
result, it was found that the batteries had a severe corrosion in the 
grid, and that acetic acid was harmful to the batteries. On the other 

15 hand, in No. 2 to 8 lead-acid batteries in which their lives were 
improved, an active material layer was left around the grid and no 
crack was found between the grid and the active material. It is 
conceivable that a proper amount of acetic . acid - contained, in the 
electrolyte strengthened the adhesion between the grid and the active 

20 material. 

Furthermore, an overcharge test was conducted in a water tank 

at 75^C with 0.1 CA (3.6A) for 28 days. The batteries were 

disassembled after the test. A positive active material and a 

corrosion layer were removed from the grid physically and 

25 chemically. The weight (g) of the grid was measured after the 

removal. The weight was subtracted from the weight (g) of the grid 

before the test so as to set the obtained value to the corrosion weight 
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of the grid. The corrosion weight was converted back into the ratio 
(%) before the test. Table 3 shows the result. 



Table 3 



No . 


tn / T . 

Ill ^ t l~l 


1^ f\frf\€iit\T\ 

\^ I K %j 9 I \j n 

W C 1 ^ It I 

/o 


IN o le 


1 


0 


9 7 


\^ o n V e n 1 1 o n a 1 oaiiery 


2 


1 2 


7 1 


i3aiiery oi tne inveniion 


3 


3 8 


7 1 


Daiiery oi me invention 


4 


74 


7 7 


Battery of the invention 


5 


1 3 5 

JL ^ ~J 


7 1 


Datiery oi me invention 


6 


1 74 


7 1 


Daiiery oi tne invention 


7 


209 


2 1 


Batterv of the invention 


8 


250 


22 


Battery of the invention 


9 


308 


24 


Battery for comparison 


10 


348 


25 


Battery for comparison 


1 1 


382 ' 


29 


Battery for cbmpariisdn 


12 


710 


33 


Battery for comparison 


13 


1028 


3 7 


Battery for comparison 



As shown in Table 3, No. 2 to 8 batteries according to the 
present invention had no difference in corrosion weight from the 
conventional battery containing no acetic acid. Specifically, acetic 
acid had no deleterious effect on overcharge. On the other hand, 
10 the corrosion weights of No. 9 to 13 lead-acid batteries having an 
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acetic acid concentration of 308 mg/L or higher increased remarkably. 
It has become clear that a higher acetic acid concentration causes a 
remarkable corrosion. 

(Example 2) 

In Example 2, lead-acid batteries of the same type as in 
Example 1 were prepared. Specifically, they were 46B24L (12V) 
lead-acid batteries for an automobile with a rated capacity of 36 Ah 
at 5 hour rate. It should be noted that di-2-ethy Iheptyl sodium 
sulfosuccinate or di-2-methy Iheptyl sodium s ulf os uccinate is added 
as a surfactant to the separator of the lead-acid batteries at the ratio 
shown in Table 5 as the "surfactant additive rate" columns. The 
surfactant additive rate means the weight ratio of the surfactant 
relative to the total weight of polyethylene resin, silica powder, oil, 
phenolic resin, and the surfactant as raw materials. 

The lead-acid batteries, prepared by employing such a 
separator were container-formed. The concentration of the volatile 
organic acid contained in the electrolyte of the lead-acid battery .was 
analyzed quantitatively 80 days after. Table 4 shows the result. 
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Table 4 









Volatile 






Surfactant 


organic acid 


IN o . 


X y p c? or surra.d£inx 


additive rate 

Wl /o 


concentration 
ou aays aiier 
mg/L 


1 






A 

u 




Di-2-ethylheptyl 
sodium sulf osuccinate 


u . z 




3 




1 1 Q 
i Z O 


4 


1 n 


O y1 Q 

Z 4 o 


5 




1 ^ 

1 . 3 


'2 T O 

3 / Z 


6 




n 
u 


U 


7 


Di-2-methylheptyl 
sodium sulf osuccinate 


0.2 




8 


0.5 


105 


9 


1.0 


168 


10 




1.5 


259 



As a resiilt, when a lead-acid battery was inanufactured by 
employing the separator manufactured at a di-2-ethy Ihepty 1 sodium 
5 sulfosuccinate additive rate of 0,2 wt% to 1.0 wt%, and when a 
lead-acid battery was manufactured by employing the separator 
manufactured at a di-2-methy Iheptyl sodium sulfosuccinate additive 
rate 0.2 wt% to 1.0 wt%, the amount of volatile organic acid 
contained in the electrolyte of the lead-acid battery was 250 mg/L or 
10 smaller. From the fact described above, by controlling the additive 
rate of the surfactant contained in the separator to be employed for 
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the lead-acid battery, it is possible for the concentration of the 
volatile organic acid in the electrolyte to become 250 mg/L or lower. 

An investigation was conducted on the progression of the 
volatile organic acid concentration of No. 10 lead-acid battery shown 
5 in Table 4. The investigation period was one year from the initial 
charge. Fig, 3 shows the result. According to Fig. 3, only a slight 
amount of volatile organic acid was contained in the electrolyte after 
container formation. After that, volatile organic acid increased 
gradually with time to reach about 259 mg/L as its maximum value 

10 about 80 days after. The value was maintained for about half a year. 
After half a year passed, however, the concentration began to 
decrease, reaching about 100 mg/L one year after. 

The result implies as follows. The surfactant eluted from the 
separator is oxidized by the lead dioxide of the positive electrode 

15 plate, thereby increasing volatile organic acid continuously. At a 
certain point, however, the increase and the decrease due to further 
oxidation reach equilibrium. Also, since the volatile organic acid 
concentration decreased when half a year passed, the surfactant to .be 
eluted from the separator was exhausted; the surfactant was 

20 decomposed by volatile organic acid; and the volatile organic acid 
was further decomposed. It is conceivable that the decomposition 
of volatile organic acid produces water and carbon dioxide. 

(Example 3) 

25 Next, a light-load life test adhering to JIS D 5301 at IS^'C was 

conducted similarly to Example 1 on ten lead-acid batteries 

employing a polyethylene separator manufactured so as to contain 
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di-2-ethylheptyl sodium sulf osuccinate as a surfactant at a rate of 
0.5 %, and on ten conventional lead-acid batteries (conventional 
battery) employing a polyethylene separator containing no surfactant 
The result is shown in Table 5. The number of life cycles is 
expressed by the rate in which the average value of the conventional 
batteries is assumed to be 100. 



Table 5 



Type of lead-acid 
battery 


Number of life 
cycles 


Conventional 
battery 


100 


Battery of the 
invention 


Average 116 
Maximum 118 
Minimum 114 



10 As shown in Table 5, also in the batteries which employ a 

pol^yethylene - separator containing a surf actanrt, -if ~ the volatile 

organic acid concentration is 250 mg/L or lower, the same result was 
obtained as in Example 1. 

15 (Example 4) 

No. 5 lead-acid battery in Example 2 contains volatile organic 
acid in the electrolyte at a concentration higher than 250 mg/L. 

Consequently, this Example hereinafter discloses the case in 
which, in a lead-acid battery containing volatile organic acid at a 



4\ 



5 
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concentration higher than 250 mg/L relative to the electrolyte, the 
volatile organic acid concentration is made equal to 250 mg/L or 
lower. 

In Example 4, lead-acid batteries for an automobile were 
employed. They were 46B24L lead-acid batteries adhering to JIS D 
5301 having a rated capacity of 36 Ah at C5 . 

Unformed positive and negative electrode plates for 46B24L 
were prepared by manufacturing by a fixed method; the negative 
electrode plate was inserted into a polyethylene separator of a bag 
shape; and the separator and the positive electrode plate were 
laminated alternatively, so as to form an electrode plate group. The 
separator employed here was manufactured so that the additive rate 
of the surfactant was made equal to 1,5%, thereby making the 
concentration of the volatile organic acid in the electrolyte higher 
than 250 mg/L. For the surfactant in this case, di-2-ethylheptyl 
sodium sulfosuccinate was employed. The electrode plate group 
was inserted into a container made of polypropylene resin, and a lid 
made of polypropylene resin was welded by-hea-t to the. containex, s-o. 
as to manufacture an unformed, 46B24L lead-acid battery. A 
prescribed amount of dilute sulfuric acid having a prescribed 
specific gravity was poured into the manufactured lead-acid battery. 

The lead-acid batteries which had completed the container 

formation were each left at ambient temperatures of 25°C, 30''C, 40 

°C, 50''C, 60°C, 70°C and 75°C, In this case, the electrolyte was 

collected 0, 3, 6, 12, 18, 24, 36, 48, 60, 72, 84 and 96 hours after 

respectively, so as to analyze the concentration of the acetic acid in 
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the electrolyte quantitatively. The acetic acid concentration was 
analyzed quantitatively by the same method as described in Example 
1. Fig. 5 shows the analyzed result. 

As shown in Fig. 3, at an ambient temperature of 40°C or 
higher, the concentration of the acetic acid in the electrolyte reached 
an almost constant value when 12 hours passed. The reason can be 
considered as follows. The surfactant was quickly extracted into 
the electrolyte. The extracted surfactant was further oxidized by 
lead dioxide so as to produce acetic acid. The acetic acid 
concentration began to decrease 72 hour after, which is considered to 
be because the produced acetic acid gradually began to decompose 
into water and carbon dioxide. On the other hand, at an ambient 
temperature of 25°C or 30**C, the acetic acid concentration increased 
slowly over time. This is considered to be because the surfactant 
was slowly extracted into the electrolyte, thereby producing the 
acetic acid slowly. It should be noted that the test was stopped at 
an ambient temperature of 75°C because the discoloration of the 

~polyp:r-opyle:ne resin- container was found.- . . 

After that, the lead-acid batteries left at 25°C, 30°C, 40°C, 50 
°C and 60°C for 12 hours or longer were charged at a rate of 0.5 CA. 
In the middle of the charge, the electrolyte was collected so as to 
analyze the acetic acid concentration quantitatively. The result is 
shown in Fig . 6 . 

As can be seen from Fig. 6, if leaving the battery at a 

temperature of 25°C or 30°C, the acetic acid concentration increased 

to exceed 250 mg/L also when charging. The reason is to be 

considered as follows. Since the surfactant was not fully extracted 
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when leaving the battery, the extraction of the surfactant continued 
even when charging the battery. As a result, the charged electricity 
was consumed for oxidizing the surfactant into acetic acid. On the 
other hand, when charging the lead-acid battery which had been left 
5 at a temperature of 40°C or higher, the acetic acid concentration 
became equal to 250 mg/L or lower, by way of a charge equivalent to 
1 CA. Specifically, acetic acid did not increase in amount. The 
reason can be considered as follows. Since the surfactant had 
already been exhausted by the extraction from the separator so as to 

10 become acetic acid, the charged electricity would not be consumed 
for producing acetic acid any longer. From the result described 
above, if the battery is left for 12 hours or longer at a temperature of 
or higher, the acetic acid concentration can become equal to 
250 mg/L or lower by subsequent charging step equivalent to the 

15 rated capacity. 

The lead-acid batteries which had been left, were charged at a 
current of 0.05 C5 A (1.8A), 0.2 C5 A (7.2A), 0.5 C5 A (18A) and 1.0 
C5 A^(-3 6 A) respectively. The batteries were charged at an- ambient 
temperature of 40**C. On this occasion, the electrolyte of the 

20 lead-acid battery was collected with respect to each prescribed 
electrical quantity to be charged, so as to analyze the concentration 
of the acetic acid in the electrolyte quantitatively. The result is 
shown in Fig. 7. In the figure, C5 means the rated capacity at 5 
hour rate, and the 46B24L lead-acid battery had a rated capacity of 

25 36 Ah as described above. Therefore, the charging current O.O5C5A 

means that 36 x 0.05 = 1. 8A (hereinafter 5 of C5 is omitted). The 

charged electrical quantity shown in Fig. 7, 1 CAh, for example, 
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means that 1 x 36 = 36 Ah. 

As shown in Fig. 7, regardless of quantity of the charging 
current, when the charged electrical quantity reached 1 CAh (36 Ah), 
the acetic acid concentration decreased down to 250 mg/L or lower, 
5 or the range which had no effect on the battery life of the lead-acid 
battery. On the other hand, further charging brought about almost 
no change in the acetic acid concentration. It is conceivable, 
therefore, that 1 CAh is required as the electrical quantity to be 
charged. It was also found that the electrical quantity to be charged 

10 required for obtaining an effect equivalent to this, is the electrical 
quantity equivalent to 30% of the theoretical capacity of the positive 
active material provided in the positive electrode. 

The charging time required for charging I CAh varies 
depending on charging current. For example, when charging with a 

15 current of 0.1 CA, 10 hours is required in order to charge 1 CAh (36 
Ah) while only two hours is required when charging at a current of 
0.5CA. Howev er, a smaller charging current, which requires a 
large-r number: of ho4i-rs, is unpractical in production. - On the other 
hand, a charging current of 0.5 CA or larger reduces charging 

20 efficiency, thereby producing an increase in the battery temperature 
easily. Therefore, a lead-acid battery is commonly charged at a 
current of 0.5 CA or smaller. Consequently, in order both to make 
the charging time after leaving a battery as short as possible, and to 
obtain a good charging efficiency, the battery is preferably charged 

25 at a current of 0,2 CA to 0.4 CA. 

Next, the lead-acid batteries which had undergone various 
steps were used for a light-load life test adhering to JIS D 5301 at 



similarly to Example 1. The test conditions were the same as 
in Example 1. The result is shown in Table 6. Table 6 is expressed 
by the rate in which the life of the conventional battery is assumed to 
be 100. 
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Table 6 



No. 


Leaving 
temnerature 


Leaving 

11 w u 1 a 


Charged 

CiCW/ii Iwal 

quantity 


Life 
cycle 


Note 


1 








1 ft ft 
1 u u 


Conventional 
battery 


2 




1 9 fi 


n s p A ii 


1 ft ^ 


uattery tor 
comparison 




4 0 ° P 


1 9 Vi 


n ^ p A u 
U.J A n 


IOC 

1 z o 


oattery tor 
comparison 


A 


o u ^ 


1 9 li 


U.J An 


1 z y 


Battery for 
comparison 


J 




o n 


1 - U A n 


1 U 4 


oattery for 
comparison 






1 9 li 


1 n A u 
1 . u A n 


1 ft Q 


Battery for 
comp ar i son 


7 




9 4 V» 


1 . u An 


11^ 


Battery tor 

comparison 


Q 
o 


4 0 °P 


o n 


1 ft r* A Vi 
1 . u V-^ An 


1 z 3 


Battery for 
comparison 


Q 


40 ° P 


1 9 


1 ft A Vi 
1 . U An 


1 J 3 


Battery ot the 
invention 


10 


40°C 


24 h 


1 . 0 CAh 


13 7 


<A. w ^ k y \j I. iUw 

invention 


11 




6 h 


1.0 CAh 


13 1 


Battery for 
comparison 



30 



12 


60°C 


12 h 


1.0 CAh 


138 


Battery of the 
inveiiiioii 


13 


60°C 


24 h 


l.OCAh 


139 


Battery of the 
invention 



As shown in Table 6, in No. 9, 10, 12 and 13 lead-acid 
batteries which had undergone the steps disclosed in the claims of 
the present application, the concentration of the volatile organic 
5 acid contained in the electrolyte of the lead-acid battery was 250 
mg/L or lower. Therefore, similarly to Example 1, the effect of 
improving the life cycle of the lead-acid battery was obtained. 

In these four Examples which have described above, 46B24L 
lead-acid batteries for an automobile were employed. However, it 
10 is needless to say that a similar effect can be obtained with other 
lead-acid batteries as long as they meet the requirements of the 
present invention. The present inventors conducted a similar 
assessment on other types of lead-acid batteries for automobile and 
industrial lead-acid batteries, so that similar results were obtained 

15 

Industrial Applicability 

By making the concentration of the volatile organic acid 

contained in the electrolyte of a lead-acid battery equal to 250 mg/L 

or lower, the capacity of the lead-acid battery was increased and the 

20 battery life thereof was improved. By employing a separator which 

contains a surfactant as a separator of the lead-acid battery, volatile 

organic acid can be produced in the lead-acid battery. In a method 

of manufacturing a lead-acid battery, by undergoing the first step in 
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which the lead-acid battery is container-formed; the second step in 
which the battery is left at 40°C or higher for 12 hours or longer; and 
the third step in which the lead-acid battery is charged so that the 
charged electrical quantity is equal to the rated capacity or larger, 
the lead-acid battery which has undergone these steps can make the 
volatile organic acid concentration equal to 250 mg/L or higher. 

As has been described above, the present invention relates to 
a lead-acid battery with an improved performance. The present 
invention, therefore, is industrially applicable, and its industrial 
advantage is extremely large. 



32 



